Introduction
RF devices that act as sensing nodes can be mounted in positions that are not easily accessible, or even embedded within the structure to be monitored during its construction. In addition, using backscattering modulation methods, the same field that powers the nodes is also used for data transmission.
Passively powered devices are most often used in passive radio frequency identification (RFID) or passive RF tags [1] - [2] which works in the range of 1-3 meters.
The main advantage of UHF-RFID sensor platforms is that the communication interface is used for both data collection and energy transfer. State-of-the-art platforms [3] - [4] use the signal transmitted by the RFID reader for powering the platform, thus enabling a one-way communication from tag to reader.
In our work, a bidirectional communication channel for remote sensing application has been created using a commercial RFID tag connected to an XLP microcontroller. However, hardware improvements have been also investigated to enhance both the energy transfer efficiency and the power consumption during the sensing activities.
A novel method to dynamically maximize the power transferred from an electromagnetic energy source to a receiving antenna emphasizing the impact of impedance matching between the antenna and the circuit, using only one additional component, is also proposed in this work.
System Design
A block diagram of the UHF-RFID sensor platform is depicted in fig.1 . The system is implemented using off-theshelf discrete components and includes a dipole antenna, a voltage multiplier, a dynamic impedance matching network (DyIMN), an ultra-low power microcontroller (MCU), an RFID tag IC with an embedded temperature sensor for the wireless communication with EPCglobal Class-1 Gen2 readers.
When the platform enters the RF field of a reader, the rectifier circuit is activated, thus harvesting the RF energy to provide a regulated DC supply voltage (1.8Vdc) to the microcontroller and to the tag. 
RF power harvester
A rectifier is used to convert the RF signal harvested into a DC power. The rectifier used in this work is made with HSMS285 Schottky diodes (Avago) connected in a five stage Dickson topology [5] .
The input power is collected by a printed dipole antenna designed to resonate at 868 MHz. As the rectifier output voltage varies with the load, it is necessary to regulate and stabilize it. Therefore, an LDO was employed (Linear Technology LT3007). The output voltage of the LT3007 is fixed to 1.8V, with a current consumption of about 1.0 μA.
Impedance Matching
Since the energy harvesting circuit is made of non-linear devices (diodes), the circuit itself exhibits non-linearity. This implies that the input impedance of the energy harvesting circuit varies with the amount of power collected by the antenna [6] .
In this work we provide a method that, using a finite number of discrete capacitors with different capacitance, optimizes the optimal power transfer in a finite number of input power stages.
The control of the dynamic impedance matching is assigned to a routine running on the microcontroller. This device estimates the input power and then sets the best capacitance in the impedance matching network. For the purpose of this work, we used four capacitors in the range 2.2 -4.7pF connected to an RF analog switch controlled by the microcontroller. To run this routine, the microcontroller drains a power that is far less then the power surplus obtained.
Microcontroller
The microcontroller is an XLP 8-bit PIC16LF1503 from Microchip Technology INC. Peripherals embedded into the system allow to easily develop ADC task for monitoring the voltage across the output of the rectifier. At the same time, the microcontroller can use the Serial Peripheral Interface (SPI) communication lines to store into the EEPROM memory of the tag the measures and the data that can be read with a standard EPCglobal Class-1 Gen2 reader. The microcontroller supervis es the whole operations of the circuit, allowing a duty-cycled functioning.
The firmware implemented into the MCU performs a dynamic adjustment of the time interval between two readings, allowing to control the average power budget of the system.
RFID tag
An RFID tag, EM4325 from EM Microelectronics (SWATCH group) EPCglobal Class-1 Gen2, was added to the platform to ensure an RF data transmission standard protocol. The IC also supports SPI communication for read/write operations from the microcontroller.
The supply system of the platform powers up the microcontroller and the tag only when data are transferred from the microcontroller to the tag through the SPI Bus. Otherwise, the tag is passively powered by the RFID reader to ensure the data acquisition from an host system.
The EM4325 RFID chip has 3072 bits of user programmable memory, divided into 48 pages of 64 bits each. A further feature of this IC is a temperature sensor embedded on the same die that can be accessed using the SPI protocol, thus allowing the reduction of cost and space on the board for extra components.
Experimental result
The experimental prototype (Fig 2. ) was fabricated on a FR4 substrate with a dielectric constant of ε r =2.2 and a dielectric thickness of 0.8 mm, using off-the-shelf discrete components and a printed, 17.34cm long, dipole antenna.
The setup used for the measurements of the harvester performances comprised an UHF Impinji Reader to establish a standard EPCglobal Class -1 Gen2 communication with the tag, allowing at the same time the supply the RF power to the circuit. Further measurements have been carried out substituting the dipole antenna with a SMA connector and providing an RF signal directly with a Rohde-Schwarz RF signal generator.
In Fig. 3 the efficiency of the Sensor Platform with the DyIMN method is compared with those of the same system when either using a static complex conjugated method for the impedance matching or without impedance matching, showing an improvement in efficiency for the input power range -6 ÷ +1 dBm, with a maximum of +12% at -2dBm. Tab. 1 summarizes the power consumption in the different activity states of the realized RFID sensor, together with the minimum duration of each state. The microcontroller self-adjusts the durations enabling the dynamic reduction of the power budget of the system, e.g. increasing the sleep phase duration for slowly varying sensing activities. Fig. 3 . Energy harvesting efficiency of the realized prototype Vs Input Power. The dynamic matching strategy adopted in this work is compared to the static matching and to no matching options, tested on the same circuit. 
Conclusions
An RF powered UHF-RFID Sensors Platform was designed and realized on an FR4 substrate. The novel strategy of a dynamic impedance matching network, based on a switched capacitors routine governed by the MCU, allowed an improvement in efficiency for input powers above -7dBm, with a maximum gain of +12% at -2dBm, corresponding to a reader-sensor distance of 100 cm. The firmware implemented into the MCU also performs a dynamic adjustment of the time intervals between two readings, allowing to control the average power budget of the system.
